Summary.-N-Nitroso-N-methylurea (NMU) induced a marked dose dependent leucopoenia which was associated with an increased survival of skin allografts in adult rats and in 2 strains of mice. The humoral immune response to NMU as assessed by haemolytic plaque formation and haemagglutination was also much reduced. Dimethylnitrosamine (DMN) which, like NMU is a powerful carcinogen and an alkylating agent, showed no immunosuppressive activity after a single dose in rats on either a normal diet or fed a protein-free diet which enhances kidney tumourigenesis. In mice DMN at a near LD50 dose (14 mg/kg) had no effect on skin graft survival but did reduce the humoral response. At half this dose level, however, no immunosuppressive effect was seen. The results support the conclusion that the immunosuppressive activity of a chemical carcinogen is not necessarily associated with the expression of its carcinogenicity.
A NUMBER of chemical carcinogens show a positive correlation between their capacity to depress the immune response and their ability to induce tumour formation. Some carcinogenic hydrocarbons (Malmgren, Bennison and McKinley, 1952; Linder, 1962; Ball, Sinclair and McCarter, 1966;  Stjernsward, 1967; Ball, 1970) , alkylating agents (Berenbaum, 1964; Doell, DeVaux St Cyre and Grabar, 1967) , and urethane (Parmiani, Colnaghi and Della Porta, 1969; Parmiani, 1970) , have a marked effect on the humoral antibody and/or on the cell mediated immune responses. Immunodepressed animals, relative to normal controls, generally show a higher incidence either of lymphomata or of a number of other tumours originating in non-lymphoreticular tissues (Nishizuka, Nakakuki and Usui, 1965; Trainin et al., 1967; Lappe, 1961; Stutman, 1969;  Lappe and Prehn, 1969 Prehn, , 1970 . Although a causal relationship between immunosuppression and chemical carcinogenesis is suggested by these results, other, particularly more recent, evidence has caused such a relationship to be questioned (see Discussion).
N-Nitroso-N-methylurea (NMU) and N-dimethylnitrosamine (DMN) are powerful carcinogens in several animal species. In the rat, tumour induction by DMN is confined to the liver, kidney and, under some circumstances, the lung while NMU, under various conditions of dosage, is carcinogenic for many tissues with the notable exception of the liver (Magee and Barnes, 1967) . The acute toxicities of these 2 compounds are different. Whereas DMN is primarily hepatoxic, NMU primarily damages haemopoietic and lymphoid tissue and the gastrointestinal tract. These facts suggest that NMU would have a greater immunosuppressive activity than DMN and Leaver, Swann and Magee (1969) have shown that NMU induces leucopoenia in rats whereas DMN does not decrease the white blood cell (w.b.c.) count as determined in mice (Frei, 1970) . Although there is some information on the effect of NMU and DMN on the humoral and cell mediated immune responses in mice and rats (see Parmiani et al., 1971; Scherf, 1972; Denlinger et al., 1973) a systematic study of both these responses in rats and mice has not been carried out.
A remarkable point of similarity between NMU and DMN is shown by their action in the kidney of the rat where both compounds induce histologically similar tumours in survivors of large doses (see Leaver et al., 1969) . Furthermore, there is evidence that the extent of initial interaction with cellular components in the kidney, as measured by alkylation of nucleic acids, is very similar for the two compounds (Swann and Magee, 1968) . In this case therefore, kidney tumourigenesis would seem to offer a useful model system for assessing the role of immunodepression by these 2 chemically related carcinogens, which probably initiate carcinogenesis by the same mechanism.
MATERIALS AND METHODS
Carcinogens. NMU, which is unstable in alkaline solution (Druckrey et al., 1967) , was dissolved in water containing a small amount of KH 2PO4 to maintain acidity (about pH 5). The carcinogen was completely dissolved after about 30 min, during which time the solution w%as kept stirred and in a darkened container since NMU undergoes photodecomposition. Solutions were prepared freshly for each experiment and were injected with the minimum of delay. DMN was dissolved in wiater before injection.
Skin grafting.-Adult male Wistar rats from the Institute's closed colony were used as recipients of inbred male BDIX rat skin. Grafts of approximately 2-5 cm diameter and minus their panniculus carnosus were placed on suprapannicular graft beds prepared in the lateral thoracic region of the recipient.
The grafts w%ere covered with " tulle gras " and protected by a plaster of Paris bandage. They were exposed 9 days later (day of grafting = Day 0) and rejection was scored when the grafts first appeared completely mummified.
For mice, the technique of Keast (1968) In the skin grafting experiments, each experiment was repeated at least once and since the response patterns were similar the results in each group wiere pooled and reported as the arithmetic mean + s.e. The humoral response tests are reported as the geometric mean + s.e. However, because of the nature of this s.e., it is displayed in parenthesis in the Tables and shows the effect of adding or subtracting one s.e. from the log transformed values. The differences between means were analysed either by the standard t-test or by the Wilcoxon two-sample rank test.
RESULTS
The results from all skin grafted control groups were similar and therefore were Dashed part of liine (denotes significant change bet-ween 2 adjacent points on the graph (P < 0-05).
N'tumber of rats contributing to each observatioii is noted beside each poinit. The results of NMU treatment are shown in Fig. 2 . Rats treated with a single dose of NMU showed a significant drop in w.b.c. count by 24 h and a marked leucopoenia by the sixth day. Normal counts had returned by Day 15. The MST for the skin grafts was 12-8 ± 0-5 days, which was a small but significant increase over the controls (P < 0.01).
Two doses of NMU produced a very marked and progressive leucopoenia by Day 6 which was sustained to Day 15. The one remaining rat at Day 21 had a normal count. The MST was 15-7 ± 1-0 days, which was a significant increase over that for rats dosed only once (P < 0-02).
Mice. i * * ably similar (Fig. 3, 4) On the basis of the number of PFC/106 nucleated spleen cells, however, the difference from control was not significant. This was due to a reduction in spleen size and highlights the possible danger of reporting results only on a " PFC per 106 cells " basis when immunosuppressive activity of cytotoxic chemicals is being studied. Two doses of NMU appeared to produce a further fall in PFC. In contrast, DMN increased the number of PFC/spleen in normal rats. A protein-free diet alone induced a marked fall in the number of PFC but treatment of these animals with DMN did not produce any further reduction.
Mice (Table III) .-NMU reduced the number of PFC in F1 mice and a fall also was seen after treatment with an LD50 dose of DMN. However, the 7 mg/kg dose produced no effect that was different from the controls.
Haemagglutinin determination
Rats (Tables IV, V ).-NMU markedly reduced the circulating haemagglutinin antibody titre. Although DMN produced a fall in titre this was not significantly different from the control. (This was confirmed by several repeat experiments-H. B. Waynfqrth, unpublished work.) DMN did not further reduce the fall in titre induced by feeding rats a protein-free diet.
Mice (Table VI ).-Both NMU and DMN at the 14 mg/kg dose level induced a fall in antibody titre. Again, for DMN there was no effect at the 7 mg/kg dose.
DISCUSSION
The increased skin graft survival time in both rats and mice treated with NMU showed some dose dependency and was apparently related to the length of the immunodepressed state and possibly the degree of immunodepression as reflected by the fall in the number of circulating leucocytes. This leucopoenia represents a generalized fall in all the w.b.c. elements but is more marked for lymphocytes (Frei, 1970; H. B. Waynforth, unpublished results) . DMN produced neither extended graft survival nor a reduction in the w.b.c. count despite the high toxic dose used.
The skin grafting experiments involved the use of animals showing strong histocompatibility differences, as indicated by the prompt rejection of control skin grafts. This indication of a strong immunodepressive potency for NMU is in contrast to the findings for 2 extensively studied carcinogens, urethane (Lappe and Steinmuller, 1970; Parmiani, 1970 ) and 3-methylcholanthrene (Linder, 1962; Stjernsward, 1965) and for carcinogenic hydrocarbons in general. The immunodepression induced by these compounds was of a lower relative potency since it was associated with survival of grafts only from donors showing a weak histocompatibility difference (i.e. isogenic grafting of skin from male donors onto female recipients). (Terracini et al., 1966) . This finding of a lack of immunosuppressive action for DMN is strengthened by its lack of effect also in rats fed a protein-free diet, a procedure used by Swann and Maclean (1968) to increase greatly the yield of kidney tumours.
Whereas only 20% of rats on a normal diet get kidney tumours (Magee and Barnes, 1962) , this is increased to 100% on feeding a protein-free diet. Swann and Maclean (1968) suggest that this increased tumour incidence is due to a decreased metabolism of DMN by the liver and an increased alkylation of the nucleic acids of the kidney. The present results indicate that a third factor, a reduced immunological response, may possibly be involved. Although a single carcinogenic dose of DMN is without effect on the immune system, an immunodepressive action for this carcinogen in the form of a reduced haemolytic plaque formation has been shown by Scherf (1972) after its continuous long-term administration in drinking water. The possibility, however, that this activity may be due to ancillary factors related to the mode and lengthi of administration, such as a possible interference with normal nutrition, should be taken into account.
The apparent inability of DMN, an extremely powerful carcinogen, to affect the immune system particularly in the rat makes this compound one of the very few chemical carcinogens without immunosuppressive activity at strongly carcinogenic doses. Since others have also concluded that some carcinogenic activity can occur in the absence of immunosuppression (Prehn, 1963; Berenbaum, 1964; Stutman, 1969 Stutman, , 1974 Carbone and Parmiani, 1971) 
